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Abstract
The date palm (Phoenix dactylifera) is considered the main agricultural crop in many
dry regions of the world, including the United Arab Emirates (UAE). It has been
demonstrated that the date palm forms a beneficial symbiotic association with
arbuscular mycorrhizal (AM) fungi. AM fungi are known to improve plant growth,
increase nutrient uptake and assist plant growth under biotic and abiotic stressful
conditions. The main aim of the present study was to evaluate the efficiency at which
an isolate of the AM fungus Rhizoglomus intraradices improves the vegetative growth
and nutrient content of two date palm varieties in the UAE, namely Khalas and
Khenaizi. R. intraradices was isolated from a farm near Abu Dhabi and propagated in
the labs of the UAEU. In vitro micropropagated date palm plantlets were subjected to
three treatments under greenhouse conditions (T1: Control. T2: Microbial Wash. T3:
R. intraradices). The inoculated date palm varieties showed an increase in plant growth
parameters such as shoot and root fresh weight and chlorophyll a and b contents and
improvement in the uptake of P and some other micronutrients. The results showed
that R. intraradices has the potential to be used in the sustainable production of
micropropagated date palms. Future studies are needed to highlight the function and
the role of the new fungus isolate under different treatments and environmental
conditions in the UAE.

Keywords: Phoenix dactylifera L, Rhizoglomus intraradices, arbuscular mycorrhizal
fungi, United Arab Emirates.
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)Title and Abstract (in Arabic

تحسين النمو الخضري ومحتوى العناصر الغذائية في شتالت النخيل النسيجية بعد
حقنها بالفطر المايكورايزي ) (Rhizoglomus Intraradicesالمعزول من دولة
اإلمارات العربية المتحدة
الملخص
يعتبر نخيل التمر من المحاصيل الزراعية الرئيسية في العديد من المناطق الجافة في العالم
بما فيها دولة اإلمارات العربية المتحدة .وقد ثبت أن نخيل التمر تشكل عالقة تكافلية نافعة مع
الفطريات المايكورايزية .تتميز هذه الفطريات بقدرتها على تحسين نمو النبات وزيادة كفاءة امتصاص
العناصر الغذائية ومساعدة النبات تحت ظروف اإلجهاد الحيوية والالحيوية .أهم أهداف هذه الدراسة
هي تقييم كفاءة العزلة للفطر المايكورازي  Rhizoglomus intraradicesفي تحسين النمو
الخضري والمحتوى الغذائي لصنفين من نخيل التمر في االمارات هما الخالص والخنيزي .تم عزل
ساللة الفطر من مزرعة بالقرب من إمارة ابوظبي وتم أكثارها في مختبرات جامعة اإلمارات العربية
ي الخالص والخنيزي (المعاملة األولى :الشاهد ،المعاملة
المتحدة .تم تطبيق ثالث معامالت لصنف ّ
الثانية :ميكروبات المادة الملقحة ،المعاملة الثالثة :الفطر المايكوريزي) تحت ظروف البيت المحمي.
أظهرت شتالت النخيل المعاملة بالفطر زيادة في أداء نمو النبات مثل زيادة في الوزن الطازج لألوراق
والجذور ،محتوى الكلوروفيل "أ" و "ب" ،وتحسين امتصاص عنصر الفسفور وبعض العناصر
الصغرى .أوضحت النتائج إمكانية استخدام الفطر في االنتاج المستدام لنخيل التمر المنتجة نسيجيا.
تحتاج الدراسات المستقبلية تسليط الضوء على أداء أنواع مختلفة من الفطريات المايكورايزية تحت
معامالت وظروف مختلفة بدولة اإلمارات العربية المتحدة.

مفاهيم البحث الرئيسية :نخيل التمر ،فطريات المايكوريزا ،دولة اإلمارات العربية المتحدة.
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Chapter 1: Introduction
1.1 Overview
The date palm Phoenix dactylifera is the emblematic species of oasis
agriculture. The trees produce dates with high nutritional value and maintain fertile
areas in deserts. They are said to have many uses, be highly symbolic for the Muslim,
Christian, and Jewish religions, and have fueled the development of early human
societies.
Today, palm plantations are threatened by climate change, pests, and genetic
erosion (Ibrahim El-Juhany, 2010). Their sustainable development requires providing
high quality varieties adapted to local conditions, preserving the genetic diversity, and
initiating breeding programs to develop resistance to salt and water stress and the most
virulent pathogens.
The world’s date production reached around 7 million tons in 2006 and the ten
leading producers were Egypt, Saudi Arabia, Iran, United Arab Emirates, Pakistan,
Algeria, Sudan, Oman, Libya, and Tunisia (Kader & Hussein, 2009). In 2005, it was
estimated that date palms in the UAE had increased to 18 million trees producing
760,000 tons (Chao & Krueger, 2007). The productivity of dates in the UAE declined
sharply from 825,300 tons in 2010 to 475,286 tons in 2017 (FAO, 2018).
The favorable climatic conditions for growing dates palm are hot and dry, with
little rainfall and low humidity. Optimum average temperature ranges from 12.7 to
27.5 °C; however, it can withstand short periods at temperatures as low as -5 °C and
as high as 50 °C (Chao & Krueger, 2007).
It has been demonstrated that date palms form a beneficial symbiotic
association with arbuscular mycorrhizal (AM) fungi (Sabet, 1940),

soil
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microorganisms that form symbiotic associations with the roots of most vascular
plants.

These fungi are known to improve plant growth and nutrient uptake,

particularly under biotic and abiotic stressful conditions (Smith and Read 2008). This
mycorrhizal symbiosis also has a significant influence on the functioning and stability
of the ecosystem (van der Heijden et al., 1998). It can help plants develop a vigorous
root system (Kapoor, Sharma, & Bhatnagar, 2008), improve soil structure (Rillig,
2004), and increase the plant’s resistance to drought (Subramanian, Santhanakrishnan,
& Balasubramanian, 2006) and salinity (Kaya et al., 2009). The direction that
agriculture has recently been taking toward sustainability is indispensable for
preserving environments and resources. Consequently, using AM fungi as
biofertilizers could be more profitable and useful than the conventional fertilization
operation, where the fungi regulate and enhance nutrient uptake efficiently; this, in
turn, will reduce the use of agrochemical products.

1.2 Relevant Literature
1.2.1 The Biology of AM Symbioses
AM fungi penetrate the roots of vascular plants to form symbiotic relationships
with those plants. Approximately 300 AM fungal species have been identified, and all
are classified in the phylum Glomeromycota (Schüßler, Schwarzott, & Walker, 2001).
AM fungi are known to form mutualistic symbiotic associations with at least 200,000
plant species (Berruti, Lumini, Balestrini, & Bianciotto, 2016; Martin et al., 2008;
Schüßler et al., 2001). Willis, Rodrigues, & Harris, (2013) described two types of AM
fungi recognizable through intraradical hyphal formations. The first type is hyphae
intracellular, which forms coils in cortical cells called Paris, while the second type,
called Arum, forms branches in cortical cells with a haustorial structure called
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arbuscules (Figure 1). Arbuscules are considered the main site for nutrient exchange
between the plant and fungi (Balestrini & Lumini, 2018; Dodd, 2000).
Several studies have outlined the important roles that AM fungi play. For
example, how they influence plant populations and communities (van der Heijden et
al., 1998), suppress root knot nematodes (Zhang, Zhang, Christie, & Li, 2008), reduce
damage by fungal diseases (Jaiti, Meddich, & El Hadrami, 2007; Olawuyi, Odebode,
Oyewole, Akanmu, & Afolabi, 2014) and stimulate plant growth under drought and
salt stress (Abdel Latef & Chaoxing, 2011; Dell’Amico, Torrecillas, Rodriguez,
Morte, & Sanchez-Blanco, 2002).

Figure 1: Types of intraradical hyphal modification in root cortical cell. (a) =
appressoria; (ar) = arbuscules of intercellular Arum-type AM; (ar-c) = arbusculatecoil and (c) = coil of intracellular Paris-type AM; (s) = inter-radical spore; (v) =
vesicles (Source: Willis et al., 2013).
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1.2.2 AM Fungus and Plant Growth
Several studies have proven that crop growth and yield improve following
inoculation with AM fungi. In tomato seedlings, the shoot, root, and total dry biomass
significantly increased in inoculated plants compared to non-inoculated ones (Oseni,
Shongwe, & Masarirambi, 2010). Inoculated peppers (Capsicum annuum L. var.
longum) with a mix of Glomus spp. had 65% higher yields than non-inoculated plants,
and a significant increase in dried shoot and root weights in comparison to those in
control plants (Hernádi, Sasvári, Albrechtová, Vosátka, & Posta, 2012). On the other
hand, some species of host crops do not respond to AM fungi colonization and some
fungus actually suppresses its plant host’s growth. Wang et al. (2008) found that three
Glomus spp. had different levels of influence in cucumber seedlings (Cucumis sativus
L.). Some factors were defined by Smith & Read (2008) regarding the failure of plants
to become colonized by mycorrhizal species. These factors include scarcity of proper
fungus inoculum at the site and abiotic factors such as high nutrients, cold and seasonal
growth variation in root fungi. In addition, some plants do not naturally interact with
AM fungi, such as members of the Chenopodiaceae and Brassicaceae (Smith & Read,
2008)
1.2.2.1 Effect on Phosphorus
Nutrients are essential for plant growth and development, and all nutritional
elements become involved in metabolic function or form a part of the plant tissue; e.g.,
phosphorus (P).
AM fungi supply the host plant with P in natural ecosystems, especially when
the soil P availability is low. The P translocates to the roots by the extraradical hyphae
of AM fungi that grow in soil and absorb the orthophosphate from the soil solution
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(Smith & Read, 2008). The P concentration in plant tissues ranges from 0.05% to
0.30% of total dry weight (Vance, 2001). The ability to transfer P to the host plant was
shown to differ between AM fungal isolates (Pearson & Jakobsen, 1993). In return for
their contribution to plant element uptake, AM fungi obtain carbon (C) from the host
plant through the hyphae that invade the inner root cortex (Azcón-Aguilar & Barea,
1997).
1.2.2.2 Effect on Nitrogen
Nitrogen (N) is an important element, as plants require large amounts of it to
form proteins, enzymes, and chlorophyll. In its absence, plant growth is limited. N is
more mobile in the soil—unlike P—and exists in inorganic and organic forms. The
AM fungi can uptake N and transfer it to the host plants as inorganic N forms such as
nitrate (NO3−), ammonium (NH4+) (Tanaka & Yano, 2005) and organic-15N (Ames,
Reid, Porter, & Cambardella, 1983; Leigh, Hodge, & Fitter, 2009). In most agricultural
soil, NO3− is the common form of N available to plants and fungi (He, Critchley, &
Bledsoe, 2003). The AM fungus delivers high amounts of NH4+—more than NO3−, as
found in maize shoots—with 0.2 mg and 2.7 mg of NO3− and NH4+, respectively
(Tanaka & Yano, 2005). Different species of AM fungi under the same experimental
conditions can also vary in the amount of N captured. Leigh et al. (2009) showed that
the G. hoi and G. intraradices differed in their capacity to uptake N and transfer it to
the host plant, in spite of their hyphal growths being similar. The study concluded that
G. intraradices was more efficient than G. hoi in capturing and transporting N from
organic sources to the host plant. Similar results by Frey & Schuepp (1993) found that
more than 30% more 15N was transported in G. intraradices and G. margarita than A.
laevis. Nitrate is more susceptible to leaching into the depletion zone through irrigation
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or rainfall than ammonium. The positive impact of AM fungi to reduce the loss of
NO3− via leaching was proven when the mycorrhizal plants showed considerably
reduced NO3− loss by leaching, almost 40 times less than that in non-mycorrhizal
plants (Asghari & Cavagnaro, 2012).

1.3 Isolated AM Fungi from the UAE, Arabian Peninsula, and Arid Areas
AM fungi exist in almost all terrestrial ecosystems. However, limited studies
have been undertaken to elucidate the biology and functions of AM fungi native to the
Arabian desert ecosystems. One new species of AM fungus, Dominikia emiratia, was
isolated from a sandy desert in the UAE (Al-Yahya’ei, Mullath, AlDhaheri,
Kozłowska, & Błaszkowski, 2017). Twenty-five other AM fungal species have been
identified from the same site (Kutty et al., unpublished). Similarly, 25 AM fungal
morphospecies were isolated from four different habitats -including date palm
plantations- located in the Sultanate of Oman, which revealed 18 belonging to the
genus Glomus (Al-Yahya’ei et al., 2011).
Ten AM fungi species were detected from ten palm groves in Morocco,
representing five genera of Glomus (G. mosseae, G. fasciculatum, G. constrictum, G.
aggregatum, and G. macrocarpum). The Moroccan survey showed that three Glomus
species existed in 50% of the study sites (Bouamri, Dalpé, Serrhini, & Bennani, 2006).
The positive outcomes from AM fungal inoculation of date palms (Al-Whaibi
& Khaliel, 1994; Dreyer, Morte, López, & Honrubia, 2010) indicate the potential
application of AM fungi to this important crop’s development and production under
arid land conditions. Several studies have highlighted the ability of AM fungi to
improve date palm growth and stress adaptation, including elevated soil salinity (Diatta
et al., 2014), water deficiency (Jaiti et al., 2007), disease and infection (Jaiti et al.,

7
2007), and poor nutrient levels (Benhiba, Essahibi, Fouad, Guettaba, et al., 2013). The
mycorrhizal association has a salient impact on the root performance and structure of
the date palm, resulting in improved water uptake by increasing hydraulic conductivity
(Benhiba, Essahibi, Fouad, & Qaddoury, 2013). They reported that mycorrhizal
symbiosis enhances date palm uptake of P, K, Ca, and Mg, and improves biochemical
and enzymatic activities under drought stress compared to non-mycorrhizal plants.
They also revealed that relative water content, water potential, and turgid potential in
inoculated date palms under water stress were retained better than those in noninoculated palms. In a different study, the research group found that plant growth and
biomass production was lower in non-inoculated plants that were water deprived than
in inoculated ones (Benhiba, Essahibi, & Fouad, 2013).

1.4 AM Fungal Influence on Date Palms Propagated by Tissue Culture
Technique
Multiplication of important cultivars of plants by tissue culture technique
involves use of aseptic cultures of cells, tissues, and organs. When done successfully,
this application provides high quality plantlets in a short period. The UAE University
has a Date Palm Tissue Culture Laboratory (DPTCL), which mainly produces date
palm plantlets for commercial production. Despite the advantages of tissue culturing,
some obstacles exist that limit its widespread use. The main problem is mortality,
which occurs during plantlet transfer from in vitro to ex-vitro conditions. For example,
the mortality of micropropagated oil palms during the acclimatization phases is
approximately 30% (Schultz, 2001). Plantlets require a vigorous root system to take
up nutrients and water to withstand the stressful conditions during this stage. Different
examples of in vitro floricultural, horticultural, and forest tree species were shown to
improve the tree’s growth and development after being inoculated with AM fungi
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(Kapoor et al., 2008). The AM fungi improved the root system and shoot and root
growth rates, and increased the concentration of N, P, and K of micropropagated
avocados (Persea americana Mill.). Moreover, the survival following transplanting
was significantly increased in inoculated compared to non-inoculated plants (Vidal,
Azcón-Aguilar, & Barea, 1992).

1.5 Statement of the Problem
Date trees produce higher quality fruit in arid regions where cultivation
conditions, such as water and soil quantities and qualities, are problematic. Despite
recent improvements in some areas of date palm cultivation, such as the use of soil
conditioners and slow-release organic fertilizers, the search continues for new and
innovative solutions to further improve their cultivation.
A possible novel strategy for improving date palm cultivation is the use of
AM fungi. These fungi, sometimes referred to as natural biofertilizers, can penetrate
the cortical cells of the roots of vascular plants and establish mutualistic symbiotic
relationships that benefit both the fungi and plants. This symbiosis has been shown to
enhance the growth and development of many ornamental and agricultural crops by
improving plant photosynthesis, leaf biomass, and the uptake of nutrients (Lovato,
Gianinazzi-Pearson, Trouvelot, & Gianinazzi, 1996; Morone-Fortunato & Avato,
2008).

1.6 Objectives
The main objective of this study was to evaluate the potential of an AM fungus,
namely Rhizoglomus intraradices isolated from UAE, to improve the growth of Khalas
and Khenaizi, two local varieties of the date palm. Such an improvement was evaluated
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through the assessment of vegetative growth and nutrient concentrations in the shoot
of inoculated plants and compare them with negative controls.
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Chapter 2: Materials and Methods
2.1 Source of Spores and Inoculum Propagation
The strain of R. intraradices was isolated from Al Rawafed Agriculture Farms
in Abu Dhabi, UAE. The soil samples were collected from the rhizospheres of organic
and conventional plants (Kutty et al., unpublished) from depths of ca. 5–30 cm using
a small garden shovel. The trap culture and single-species cultures were established
according to the method described by Błaszkowski et al. (2012). Spores from field
soils and cultures were collected using the method described by Błaszkowski et al.
(2015). Morphological analyses of R. intraradices were performed on spores extracted
from field soils and four-month-old single-species cultures. The host plant in both the
trap and single-species cultures was Plantago lanceolata L.
2.1.1 Propagation of R. intraradices
Inocula of R. intraradices were cultured in UAEU’s laboratories. Small pots
were filled with autoclaved sandy soil. The substrate consisted of sand, and spores of
R. intraradices were added to autoclaved sandy soil and covered with a layer from the
same soil. Seeds of ribwort plantain (Plantago lanceolate) were distributed on the soil
surface and irrigated with tap water. P. lanceolate is considered a proper plant host for
AM fungi, as it is a widespread perennial herb that is easily colonized by several genera
of AM fungi (Johnson et al., 2003). The pots were laid in small plastic bags in order
to maintain the moisture and kept at a constant room temperature of 24 °C for 6
months. The plants were irrigated twice weekly or as needed.
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2.2 Preparation of Microbial Wash
Thirty grams of inoculum substrate was added to 300 ml of distilled water in a
beaker and mixed well for 10 minutes and filtered using filter paper (Schleicher &
Schüll, Germany). The filtrate was collected and stored in a refrigerator at 24 °C to be
used in the following day.

2.3 Preparation of Nursery Bag Growth Containers
Plastic nursery bags were used as growth containers. Each was filled with 2 kg
of growing media consisting of a 3:1 ratio of sand to potting soil (v/v). The source of
growth substrate was obtained from a sand dune near Al Foah, pre-examined to ensure
that it was free of plant pathogens and autoclaved. The sterilized commercial potting
soil (EMIRATES FLORA) was obtained from agriculture markets.

2.4 Source of in Vitro Tissue-Cultured Date Palm Plants
Two cultivars of in vitro tissue-cultured date palm plants, namely Khalas and
Khenaizy, were obtained from the DPTCL located in Al Ain, UAE. The two cultivars
were produced by the organogenesis process. The age of in vitro plants that were used
during the AM fungal inoculation process and transplanting was approximately 6
months.

2.5 Experimental Design
This experiment was conducted under greenhouse conditions in the DPTCL
between January and October 2017 from 20 to 28 °C. The experiment was setup in a
complete randomized design (CRD) with 20 replicates (plant/bag) per treatment. The
treatments composed of T1 (non-inoculated date palm seedlings as negative control);
T2 (Microbial wash + date palm seedlings, MW); T3 (R. intraradices inoculum + date
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palm seedlings, AMF). Each seedling was irrigated regularly with adequate amounts
of water.

2.6 Treatment Establishment
Each of the tissue-cultured plantlets of the two cultivars was inoculated with
10 g (including around 50 pores) of the mycorrhizal inoculum by placing the inoculum
in direct contact with the roots, below the surface of the soil. The process was
performed during the plantlet’s transplantation to the new growth medium. For T1,
distilled water (7.5 ml) was applied directly on the roots. For T2, MW (7.5 ml) was
added directly on the roots of plantlets below the surface of the soil. All the treated in
vitro plants were transplanted in January 2017.

2.7 Plant Growth Parameters
Leaf length was measured from the stem base to the leaf end point for each leaf
of each plant. Root length was determined from the stem base for the first-order root
to the root tip. The number of leaves was also recorded. At harvest, plants were
carefully removed from the growing nursery bag to a small tray and divided into roots
and shoots, and the fresh weight for each part was recorded. The shoot and root
samples were placed in a hot air oven at 60 °C to obtain the dry matter.

2.8 Nutrient Element Concentrations in Plant
For each replicate, 0.5 g of pulverized leaf and root material were digested in
the CEM MARS 6 Microwave Digestion System with 10 ml nitric acid (HNO3) as a
solvent. Then the solution of individual digested samples was adjusted to 50 ml by
HNO3 to determine the elemental contents using Inductively Coupled Plasma - Optical
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Emission Spectrometer (ICP-OES). The nitrogen content was measured using a CHNS
analyzer using the Dumas Combustion method.

2.9 Estimation of the Levels of Photosynthetic Pigments (Chlorophylls a
and b)
Levels of chlorophyll a and b were measured following the modified method
of Arnon (1949). From each replicate, 0.5 g of fresh cleaned leaves were taken
randomly and ground using the mortar and pestle with about 3.0 ml of acetone 85%
until totally dissolved. The sample was filtered using filter paper and the final volume
was adjusted to 100 ml by adding acetone 85%. The sample solutions were processed
in a spectrophotometer (Cole-Parmer) to measure the color intensity for the two types
of chlorophyll.

2.10 Clearing of Roots and Staining of AM Fungi Structures
Roots were cleared and AM fungi structures were stained using the
methodology of Vierheilig, Coughlan, Wyss, & Piche (1998). Roots were boiled for
20 min in 10% KOH at 80 °C, then rinsed with tap water several times. The previous
step was repeated twice to purify the root. Roots were then boiled at 80 °C in 5% blue
ink-vinegar for 5 min, then rinsed with water for de-staining. The roots were kept at
room temperature in test tubes contain distilled water and a few drops of vinegar until
examined.
Stained root samples were examined using the slide method of Giovannetti &
Mosse (1980). Root samples were segmented into pieces that were 1 cm long. Fifteen
fragments were randomly selected and mounted on slides and observed under a light
microscope (ZEISS Primo Star) at x 40 magnification. The values were calculated
based on formulas proposed by Trouvelot, Kough, & Gianinazzi-Pearson (1986).
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2.11 Statistical Analysis
The experimental data were subjected to one-way analysis of variance
(ANOVA). Means were compared by Duncan’s test at the 5% level using IBM SPSS
Statistics for Windows, Version 25.
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Chapter 3: Results
3.1 Root Colonization
Different structures formed by AM fungi were detected in both cultivars after
staining the roots (Figure 2 a-d). Arbuscules and vesicles were hardly observed in the
root system of either cultivar. Colonization rates and arbuscular abundance in the root
system of Khalas and Khenaizi are shown in Table 1. No colonization infection was
observed in root samples of the negative control and MW treatments.

a

b

c

d

Figure 2: Different structures of R. intraradices in the date palm roots. (a) arbuscule
with fine branch hyphae (x40); (b) coiled hyphae in Khalas root cells (x20); (c)
extraradical hyphae in Khalas (x10); (d) intracellular hyphae (x20).
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Table 1: The means of R. intraradices root colonization infection, the abundance of
arbuscules in the root system and fragments of Khalas and Khenaizi. F%: frequency
of mycorrhiza in the root system; M%: the intensity of mycorrhizal colonization in the
root system; m%: the intensity of mycorrhizal colonization in the root fragments; a%:
arbuscule abundance in mycorrhizal parts of root fragments; A%: arbuscule abundance
in the root system.
Date palm varieties

F%

M%

m%

a%

A%

Khalas

48.89

4.31

6.76

2.33

0.15

Khenaizi

66.67

4.49

6.25

10.90

0.67

3.1.1 Vegetative growth
Introducing R. intraradices at the acclimatization stage of the two
micropropagated date palm varieties, Khalas and Khenaizi, improved growth. The
plant growth difference was more notable in inoculated Khalas (Figure 3) and Khenaizi
plants (Figure 4) than in the negative control and MW-treated plants.

Figure 3: Plant growth differences in Khalas cultivar between the control (left),
microbial wash (middle) and inoculated with R. intraradices (right)
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Figure 4: Plant growth differences in Khenaizi cultivar between the control (left),
microbial wash (middle) and inoculated with R. intraradices (right).

3.2 Shoot and Root Weights
Inoculating Khalas and Khenaizi cultivars with R. intraradices increased their
fresh leaf weights compared to the control plants (Table 2). Inoculating Khenaizi
plants with AM fungi improved its fresh root weight compared to non-inoculated
plants (Table 2).
Table 2: Comparison of the effects of three treatments on fresh leaf weight (g) and
fresh root weight (g) of two cultivars of date palm (Khalas and Khenaizi). Values are
means ± standard deviation of three replicates. For each growth parameter, values
following letters are significantly different at the p = 0.05 level.
Treatments

Khalas

Khenaizi

Fresh leaf weight (g)

Fresh root weight (g)

Control

8.96 ±2.33b

12.82±5.87b

MW

12.24±3.44b

16.05±5.14b

AMF

22.26±6.26a

18.27±1.9b

Control

13.15±4.06b

14.55±4.18b

MW

13.96±6.1b

11.73±4.67b

AMF

24.83±3.51a

25.93±1.84a
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As shown in Table 3, mycorrhizal colonization enhanced the dry leaf weight
in Khalas plants compared to the control. Colonization also had a positive effect on
root dry weight compared to non-inoculated Khenaizi cultivars.
Table 3: Comparison of the effect of three treatments on leaf dry weight (g) and root
dry weight (g) of two cultivars of date palm (Khalas and Khenaizi). Values are
means ± standard deviation of three replicates. For each growth parameters, values
following different letters are significantly different at the p = 0.05 level.
Treatments

Khalas

Khenaizi

Leaf dry weight (g)

Root dry weight (g)

Control

2.543± 0.62b

2.09±1.02b

MW

3.58±1.09b

3.07±1.07b

AMF

5.96±1.71a

3.54±0.51b

Control

3.87±1.55a

2.44±0.88b

MW

3.6±1.56a

2.28±0.95b

AMF

6.47±1.11a

6.2±1.23a

3.3 Leaf Length, Root Length, and Number of Leaves
Only the Khalas cultivar responded positively to inoculation with R.
intraradices in regard to leaf length (Table 4). Root length and the number of leaves
did not differ between inoculated plants and the other cultivar treatments.
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Table 4: Comparison of the effect of three treatments on leaf length, root length and
the number of leaves of two cultivars of date palm (Khalas and Khenaizi). Values are
means ± standard deviation of three replicates. For each growth parameters, values
following different letters are significantly different at the p = 0.05 level.
Leaf length
(cm)

Root length
(cm)

Number of leaves

Control

15.08±0.79cd

47.17±0.76a

6.25±0.96bc

MW

14.53±1.10d

52.33±17.62a

4.75±0.96c

AMF

16.93±0.70bc

44.33±3.06a

7.25±0.96ab

Control

17.43±1.55ab

34.17±7.94a

7.00±0.82ab

MW

16.43±2.34bcd

57.67±22.05a

7.75±0.50ab

AMF

19.10±1.00a

45.33±9.02a

8.50±1.73a

Treatments

Khalas

Khenaizi

3.4 Chlorophyll Content
Mycorrhizal colonization increased the concentrations of chlorophylls a and b
in leaves compared to those in non-inoculated plants in Khalas but not in Khenaizi
(Table 5). In general (total chlorophyll), the result showed that, in Khalas, the AM
fungi raised the total chlorophyll content compared with the corresponding controls
(Table 5). No chlorophyll content improvement was observed in inoculated and control
plants of Khenaizi.
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Table 5: Comparison of the effect of three treatments on chlorophyll a, b and total
chlorophyll concentrations of two cultivars of date palm (Khalas and Khenaizi).
Values are means ± standard deviation of three replicates. For each growth
parameters, values following different letters are significantly different at the p =
0.05 level.
Treatments

Khalas

Khenaizi

Chlorophyll a

Chlorophyll b

Total chlorophyll

Control

1.03± 0.21b

0.21± 0.05b

1.23± 0.26b

MW

0.92± 0.11b

0.28± 0.02b

1.2± 0.13b

AMF

1.53± 0.12a

0.51± 0.04a

2.04± 0.16a

Control

1.64± 0.27a

0.52± 0.08a

2.16± 0.35a

MW

1.71± 0.34a

0.53± 0.12a

2.23± 0.46a

AMF

1.82± 0.21a

0.59± 0.09a

2.4± 0.29a

3.5 Concentrations of Mineral Elements
As shown in Table 6, the presence of R. intraradcies enhanced the phosphorus
(P) concentration in leaves and roots of both cultivars. The concentration of potassium
(K) in Khalas leaves was higher in inoculated plants than in the control, while the
mycorrhizal colonization had no impact on the K concentration of Khenaizi leaves.
Furthermore, some micronutrients were positively influenced by inoculated R.
intraradices, such as leaf zinc (Zn) and copper (Cu) in both cultivars compared to noninoculated plants.

Table 6: Comparison of the effect of three treatments on nutrient concentrations (mg/kg) of two cultivars of date palm (Khalas and Khenaizi).
Values are means ± standard deviation of three replicates. For each growth parameter, values following different letters are significantly different
at the p = 0.05 level.
Date palm

Khalas

Khenaizi

Khalas

Khenaizi

Plant
part

Leaf

Leaf

Root

Root

Treatments

N

P

K

Ca

Co

Cr

Control

10466.67±1096.99cdef

1054.19±439.33cde

10220.07±1357.09de

5881.06±1221.51cd

0.08±0.13b

14.19±4.13a

MW

13133.33±251.66abcd

938.07±123.47cde

11325.40±456.75bcd

6921.26±429.48bcd

0.00±0.00b

9.53±1.75ab

AMF

14766.67±1159.023abc

2418.53±370.47a

13599.47±1367.35a

5663.42±393.07cd

0.00±0.00b

9.65±3.55ab

Control

17966.67± 2759.23a

1086.99 ± 55.07bcd

12964.77±402.53a

6025.47±769.85cd

0.00±0.00b

11.40±1.37ab

MW

16166.67±4718.40ab

1371.43 ± 427.18bc

12106.27±1134.50abc

8215.90±1887.97abc

0.00±0.00b

11.95±2.23ab

AMF

15266.67±4259.50abc

2058.55± 187.56 a

12550.83±1219.83ab

7033.51±888.46bcd

0.00±0.00b

11.63±7.37ab

Control

6133.33±404.15f

700.21±195.62de

10567.067±378.65cde

5406.64±1827.43d

1.09±0.48a

9.17±4.40ab

MW

7033.33±1171.89ef

629.95±125.35de

10099.62±442.89de

5370.79±645.28d

0.75±0.65a

7.45±2.39ab

AMF

12266.67±3035.35bcdf

1569.88 ± 343.05b

10604.69±937.88cde

5956.96±2069.43cd

0.88±0.17a

7.20±1.18b

Control

14000±854.40abc

561.78±56.26e

9668.97±736.80de

8720.01±910.52ab

0.82±0.25a

8.35±3.97ab

MW

7666.67±6256.46def

747.74 ± 362.14de

9537.41±683.58e

7452.18±394.77bcd

0.97±0.01a

9.09±1.89ab

AMF

7966.67±2059.94def

1282.75 ± 113.55bc

10361.94±455.40de

10537.81±2369.09a

1.06±0.17a

9.58±2.77ab
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Table 6: Comparison of the effect of three treatments on nutrient concentrations (mg/kg) of two cultivars of date palm (Khalas and Khenaizi).
Values are means ± standard deviation of three replicates. For each growth parameter, values following different letters are significantly different
at the p = 0.05 level. (Continued)
Date
palm

Plant
part

Treatments

Control
Khalas

Leaf

MW
AMF
Control

Khenaizi

Leaf

MW
AMF
Control

Khalas

Root

MW
AMF
Control

Khenaizi

Root

MW
AMF

Cu

Fe

Mg

Mn

Mo

Na

S

Zn

2.64±1.64ef

160.68±10.60c

2216.22±130.74e

33.75±11.95ab

0.00±0.00c

2742.51±842.20c

1103.76±91.58d

9.58±3.15bc

2.79±0.82ef

131.10±27.72c

2472.48±277.24de

37.00±16.72ab

0.00±0.00c

1865.94±686.45cd

1293.91±236.50d

8.92±0.40bc

6.49±0.63a

116.65±39.40c

2568.00±70.89de

26.81±6.44ab

0.00±0.00c

1712.39±162.67cd

1419.24±84.71d

14.28±2.18ab

1.43±0.24f

138.44±7.16c

2656.14±430.14cd

34.52±1.05ab

0.00±0.00c

1374.00±214.40d

2032.46±255.66b

7.78±1.23bc

2.34±1.55ef

128.65±52.89c

3045.94±298.81abc

35.91±15.75ab

2.31±1.15a

1548.06±209.38d

2311.02±147.68b

10.67±4.86abc

5.02±1.00abc

129.73±42.93c

2833.71±227.16bcd

45.58±16.01a

1.37±1.19b

1102.66±117.36d

1719.05±108.43c

16.91±3.55a

4.71±1.66abcd

935.84±630.89ab

3397.10±258.30a

27.66±8.76ab

0.47±0.82bc

7214.84±316.84b

1233.67±58.62d

11.42±9.50abc

3.83±0.49cdf

698.21±177.37b

3206.82±208.63ab

29.66±8.22ab

0.00±0.00c

6967.40±673.23b

1339.69±127.82d

6.92±0.38c

5.52±59abc

875.93±249.30ab

2648.47±165.96cd

29.49±6.37ab

0.00±0.00c

7200.69±561.83b

1163.22±58.77d

8.49±1.14bc

2.89±0.49def

704.68±203.48b

3468.31±64.13a

24.65±3.85b

0.00±0.00c

8476.30±528.19a

2722.60±235.17a

5.55±0.58c

3.98±0.91bcde

897.20±94.82ab

3198.51±169.61ab

32.013±3.08ab

0.00±0.00c

7123.49±956.02b

2157.04±268.15b

7.33±2.69bc

5.78±0.82ab

1138.50±240.36a

2741.86±184.02cd

36.74±7.39ab

0.00±0.00c

7765.07±907.53ab

1331.49±222.84d

8.68±1.80bc
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Chapter 4: Discussion
4.1 Root Colonization
The results of this study show that the isolate, R. intraradices, can colonize the
two cultivars of date palm (Khalas and Khenaizi) propagated by tissue culture
techniques. The rate of root infection of the fungus in seedlings was evaluated.
However, no statistical analysis was conducted because of the high variation in
measured colonization parameters due to the subjective nature of the methodology
used. The average colonization frequency (F%) was 48.89 and 66.67% for Khalas and
Khenaizi, respectively. Different colonization structures formed by R. intraradices
were observed in both date palm cultivars (Figure 3). Even though the number of
fungal structures was lower in both cultivars’ root system, the hyphal coils were
observed frequently—unlike vesicles and arbuscules, which were rare in inoculated
plants. A study by Dreyer, Morte, Pérez-Gilabert, & Honrubia )2006) reported the
existence of hyphal coils and arbuscules in the roots of P. dactylifera.
Moreover, a high density of arbusculate coils was observed in cortical cells of
Phoenix roots (Dreyer et al., 2010). Indeed, the hyphal coils represent the stages prior
to arbusculate coils (Nadarajah, 1980; Whitbread, Peterson, & McGonigle, 1996). The
absence or poor transformation of the hyphal coils into arbusculate coils in the current
study could be a result of seasonal effects or environmental stresses (Whitbread et al.,
1996). Various AM fungi structures were clearly observed in the roots of six species
of palms (Fisher & Jayachandran, 2005). Eight species of AM fungi were identified
from various cultivars of date palm groves from different soil depths and seasons
(Zougari-Elwedi et al., 2016).
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4.2 Shoot and Root Weights
Colonization with AM fungi increased the fresh and dry shoot weights of both
cultivars. G. mosseae improved the dry biomass by about 57% in P. dactylifera
(Dreyer et al., 2008). Similar results have been observed by Hernádi et al. (2012), who
found that the AM fungi-colonized plants appreciably enhanced the fresh and dry shoot
weights in pepper. Under greenhouse conditions, AM fungi promoted the growth of
date palm seedlings, especially in nutrient-poor soils (Al-Whaibi & Khaliel, 1994).
In contrast, there was no significant difference in fresh and dry root weights
with respect to the treatments in the Khalas cultivar. However, colonization
significantly influenced Khenaizi’s fresh and dry root weights. Similar results were
reported by El Kinany et al. (2018), which revealed a significant increase in fresh and
dry root weights of micropropagated date palms inoculated with G. iranicum compared
to the control plants.

4.3 Leaf Length, Root Length, and Number of Leaves
R. intraradices did not affect plant growth performance characteristics such as
root length, leaf length, and the number of leaves in either micropropagated date palm
cultivar. These results are in agreement with a study reporting that mixed isolate of
Glomus species did not enhance the plant’s length and the number of leaves in
micropropagated Chile ancho peppers (Estrada-luna & Davies Jr, 2003).

4.4 Chlorophyll Content
The influence of AM fungal colonization was more pronounced in chlorophylls
a, b and total contents of the Khalas cultivars (Table 5). Such an increase in chlorophyll
levels is suggested to be the factor that leads to the increase in plant growth through
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the enhancement of photosynthesis rates. This is in line with some experimental results
on micropropagated grapes (Vitis vinifera L.) (Krishna et al., 2005). Other recent
studies (Amira, Nermeen, Osama, & D M, 2012; Talaat & Shawky, 2014) reported
that AM fungi had maintained the chlorophyll content when exposed to different levels
of stress. However, inoculated micropropagated date palms (cv. Feggous) with Glomus
iranicum did not show any improvement in chlorophyll content when grown in control
soil and sandy soil amended with AM fungi (El Kinany et al., 2018).

4.5 Concentrations of Mineral Elements
The results clearly showed an increase in the levels of some elements in AM
fungal-inoculated plants. Khenaizi cultivar benefited more from AM fungal
colonization than Khalas in terms of micronutrient concentrations, as the Mo and Zn
had increased in the Khenaizi leaf compared to non-treated plants.
Phosphorus (P) is the main element that increased significantly in the leaves
and roots of both cultivars treated by R. intraradices. The same trend was observed in
previous studies on different host plants under stress or in the absence of stress
(Abohatem, Chakrafi, Jaiti, Dihazi, & Baaziz, 2011; Deressa & Schenk, 2008;
Karagiannidis, Thomidis, & Panou-Filotheou, 2011; Vidal et al., 1992). Despite the
low intensity of AM fungal root colonization, symbiosis did contribute to plant P
acquisition. Mycorrhizal pathways could be the main reason why nutrient uptake was
enhanced; Smith & Smith (2011) reported that the rapid transit system regulates and
delivers nutrients into cortical cells absorbed from a distance away from the roots by
the extraradical mycelium.
Limited work has been conducted to evaluate AM fungi and economic crops
under UAE conditions. Future studies need to investigate the function and efficiency
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of native isolates of different AM fungus strains under field conditions. There is also
a need for more research on aspects of AM fungi and their interaction with host plants
and the environment. Prior treatments are needed before applying AM fungi as
biofertilizers in agriculture and landscaping (Koltai, 2010), like the ability to produce
selected strains of AM fungi for mass production, availability of appropriate
transporters, and ensuring that the AM fungi are of good quality and free from soilborne pathogens (Barea J, Azcón, & Azcón-Aguilar, 1993; Douds Jr, Nagahashi,
Pfeffer, Reider, & Kayser, 2006; Kapulink et al., 1994; Sreenivasa & Bagyaraj, 1988).
AM fungi act as biofertilizers and bioprotectors to improve date palm
production. Different aspects should be considered to establish the AM fungi in
micropropagated plants production. For example, the time of inoculation could play a
significant impact on plant production. Lovato et al. (1996) reported that the number
of micropropagated plant species—including oil palms—increased when inoculated
by mycorrhizae at the beginning of the rooting process. Moreover, an appropriate
fungal strain should be selected after being examined under certain conditions to be
adapted for a wide range of environmental conditions and stress (Azcón-Aguilar &
Barea, 1997).
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Chapter 5: Conclusion
To our knowledge, this study demonstrated, for the first time, the potential of
a mycorrhizal strain, R. intraradices, to colonize two micropropagated date palms at
the acclimatization stage. Moreover, the study reveals the significant influence R.
intraradices has in enhancing plant growth factors such as fresh leaf weight and
improving nutrient uptake, particularly P, in both cultivars.
However, micropropagated seedlings in the greenhouse are subjected to
chemical fertilizers to improve their growth during the propagation process. Therefore,
introducing mycorrhizal inocula to micropropagation processes can be considered an
effective and sustainable practice in the agriculture production of date palms.
Introducing inocula during the plant’s establishment in such propagation systems
would reduce the chemical inputs needed, promote plant growth, and improve
production.
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